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y Problem: The U.S. EPA, States, Tribes and
r Federal agencies need to understand thelcausa
ges between policy decisions and their consages
respect to economic productivity and enviromtak
ty. This understanding will allow us to denpl

ods and tools to evaluate policy options basetheir
bequences for the environment and for society.
ever, many current efforts to link human health,
ogical condition and socioeconomics are disgain
without i ism. The

needed to shape sustainable living standaitls w
ire a much greater ability to predict the capemces:
blic policy with respect to both socioeconoriti
ronmental conditions. The science needed ppatt
promote this understanding includes developing
ematic methods that accurately express thectsipd
jan activity patterns on the condition of humpaitd

, as well as identifying the infotinaand

k needed to improve decision-making directeditds
ring human and environmental well-being.

jlevelop methods of environmental accountisiggiemergy
will allow the construction of combined emergyd monetary
Ime statements and balance sheets for any hemerprise.

the between by
rgy and economic methods as a means to deveépated
ods for evaluating public policies.

Jievelop spatially-explicit methods of emergglysis that will
environmental managers and decision-makeapfy

rgy indices to meet their decision decision-mgkieeds,

h are often place-based and multi-scalar.

ansfer AED's expertise in Energy Systemsdfio help

t the growing need for integrated ecologicabeotic analyses
n the EPA, other state, federal, and privajenzies and within
arious countries of the world where this meiogy is

Hly growing.

tems Theory (Odum 1983, 1994) was chasene best approach
integrated methods of analysis for eairg the ecological,
and social consequences of environmeatislies. Energy is

US EP

as a common in
nsformation of energy potentials isessary for any action to

derlying causal factor explaining all pbenena. Energy Systems
bvided a tested, seff-consistent, systigand rigorous
that we needed for the igtted,

eed, the availabilty and use of engrgientials can be seen as the

The combination of mathematically rigorous energy
systems diagrams for static and dynamic evaluagmmds
modeling with the general environmental accounting
methods using emergy (Odum 1996) provided us with a
flexible platform for the development of indicesdaior
integrated ecological and socioeconomic evaluatfon
policy alternatives in many different systems.

Emergy, Some Formal Definitions

Emergy is all the available energy of one kind joesly used up
directly and indirectly to make a product or seevitis untt is the
emjoule.

The prefix em- is an acronym for energy memory. Egyean use
any kind of energy as the base, for example casiéjo solar
joules, etc. However, in evaluating environme rgstems, we
commonly use solar energy (solar emjoule) as the bat.

Solar transformity is the solar emergy requireditake one joule
of a product or service. Its units are solar engeyler joule (sejJ).
The fundamental equation of emergy analysis is:

Emergy (se]) = Transformity (sejJ) X @
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Envronment

and services.

From 2002 to 2007, research on the developmenappikation of
emergy methods has been pursued at AED undertiisearch
components and from 2005 to the present our progastincluded

ions with scientists. Republic
of China. Often work under the 3 research companas been carried
out with partners including the Canaan Valley husé, a nonprofit
organization focused on improving the quality & in West Virginia
through improving the condition of watersheds, LEBA Regions 3 and
4, the Nature Conservancy, NHEERL's Western and-Gfimtinent
Ecology Divisions, and ORD's National Risk
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Major Findings and Accomplishments.

1) We solved a maijor technical problem for the eyerg
analysis of states by finding data sources andidpirg
new methods for documenting the emergy importegbinds

2) We quantitatively demonstrated a 2 to 1 net tiereteived
by other states and the nation from their trad WA/,
even though trade in dollars was nearly balanced.

Environmental Accounting Methods

Financial Accounting Methods to Further Develop and
I Accor a

Deniel . Camgol

1) We have developed the theoretical basis for asrgyn

of society’s debt to the environtiand
how it might be measured and paid off (see 3 Energy
Systems diagrams below).

Laboratory (NRMRL),

Component 1 - Large scale emergy analysis of stats regions and
the further development of environmental accountiagd emergy
methods This work has focused on development of assessmethods
to quantify emergy accounts for political and ecmimentities. Income
statements and balance sheets are completed beipdeveloped for
10 states (WV, MN, DE, MD, DE, NJ, PA, VA, CO, aRi). We are
supporting the development of the emergy methodotogund the
world, especially through collaborative work withiDese scientists.
AED is a partner in the NHEERL-NRMRL project to édspment
indices of for the San Luis

Component 2 — Spatial modeling and emergy analySiaodscapes.
This research has focused on the emergy analysidécapes, and has
included the use of empower density (ED) as a predof coastal
wetland condition and development of a new methwdlculating a
Landscape Development Intensity Index (LDI). Wodkiaith the Office:
of Water and the Minnesota Pollution Control Agerié LDI was
tested as a first order indicator of the conditibisolated wetlands in
Minnesota. Analysis of the Maryland landscape wegub this year to
further test emergy synthesis and empower densiymeans for

f environmental policy assessment.

ly people recognize the importance of ey understand why
ne is not a sufficient basis for deciaiuaking. Energies of

nds do different types of work withirsgstem and therefore have
hlues within the context of their netksr For example, a joule of

benditures. Odum (1983) developed

landscape patterns.

Component 3 — Comparison of emergy and economic rogghThis
research focused on comparative emergy and ecormmfit-cost
analysis of restoring small streams affected byl auine drainage in the
lower Cheat Watershed of West Virginia in partngshith the Canaan
Valley Instiute. As part of this effort, we devgkd the relationship
between emergy and economic value as representatathgt trading.
Future research will examine the relationship betwemergy and
nonmarket valuation methods and will explore theedzpment of an

gy-based trading scheme for environmental fauils.

Energy Systems Diagram of Standard Accounting

Testing the LDI as a 3 Order Indicator of the Condition of Isolated Wetlats

wallnds i MN againstLDIpicted using NL.CD data.

Major Findings and Accomplishments

2) We are in the process of evaluating case statiiswil
give a practical demonstration of the methods.

Canegs of Environme ntal Debt

Expgrted without Use.

Regional Analysis of Shunde

Er Systems Diagram of the Shunde
&?l%dmg China
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ergy
for DynamicAnalysis.

ield, Y =F +R+Ny; Empover Density, ED=(F+R+piArea; Emergy
Investment Ratio, EIR=FI(R+N); Labor Productvib =(F+R#\)/L: Emergy
ield Ratio, EYR=( F+RAJ/F; Environmental Loading Ratio, ELR=(F{}R;
Emergy Sustainabilty Index, ES=EYRIELR; EmergycBiange Ralio,
EER=YM/Y; Emergy Index of Sustainatie evelopment,

VRIEERIELR,

Major Findings and Accomplishments.

1) Dynamic analysis showed that the Shunde agtcalsystem became more
1978 t0 2000 under srai

p the

majorty o the load on the environment

2)The effect the
the emergy delivered in agricutural prodcts daelemergy buying pover of
the money received v to decrease the emergycbinthe Shunde
agricutural system.

3) A newmethod for demonstrating the consequeatesing surrogate
transformiies in emergy analyses vas developed

wad

Yo/

Quantifying Environmenta.iabilties and Repaying the Debt

Major Findings and Accomplishments.

1) We developed a new top-down method of
calculating the empower density of
various land use types using readily
available data compiled for each state.

€79 2)We showed that the LDI is slightly better
3 than land use and considerably better than
land cover as aforder landscape
estimator of isolated wetland condition in
Minnesota.
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Human Ecology Integrative Research Program: Environmental Accounting and Emergy Research (Ecological Research MYP)
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“The Relationship between Emergy and Economic Value

An Energy Systems Modelof an  The transformy and price of various.
stem u

S forest

showing the flow of money as dashed_industry.
fines of variable thickness proportonal
tothe magnituge of flow:

Major Findings and Accomplishments.

1) We showed the relative differences between ecimant
emergy evaluation of stream restoration (not shown)

2) We demonstrated that as a general rule emergy eakeeds
market value by an increasing margin as the scaiice
environmental products in extraction is approached.

M, - the ce economic
M - the money contributed by prvate donors for caation;

F, -the emergy purchased to support economic praskct

Major Findings and Accomplishments.

1 1 emergy conservation of the
including sediment input and a 10 10 1 yield witheediments.

3) We evidence that energy systemsytuor
explain economic axioms and theories and thatwie t
methods can be used together in integrated envieatah
‘assessments.

The AED's Emergy Research is developing a system of
environmental accounting using emergy that is basedouble

2) This study made a technical advance in the dpraén of emergy
which

the contrbutions of the reserve (Mo support larger ecosystems.

(ELR) of Reserve is 10 times high ot
reserve as a result of sedimentation, which madanrsh ecosystem a naturally unsustainable sy Stz
sedment deposited in i

4) The Spartina and mud flat zones are rapidlyrwing seaward at Yancheng. Remarkatly, Spartinalwo.
empover density

Emergy Synthesis of Cobscook Bay
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The available energy or exergy flowing on eachwathis shown along with the solar
emergy required. The transformity of the pathwathisratio of the solar emergy
required to the flux of available energy.

entry and includes economic, environateand
social emergy and monetary accounts. The bottoendisuch a
triple system of accounting is a direct measuraiut is
sustainable for any human enterprise. In additianare
developing new emergy indices and strengtheningiskeof this
methodology within the EPA and around the worldthe goal
of increasing our ability to make decisions on jmipblicy
aternatives that will result in increased welligfor the
combined system of humanity and nature.

1. Complete accounting case
to allow resolution of emergy and monetary balasieets.

2. Compare emergy value with economic value as déted by
non-market methods.

3. Further develop methods of measuring the cortiobs of
the environment to society including the evaluatibn
ecosystem services using emergy methods and theation
of environmental liabiliies and repayments (restian) using
the emergy accounting perspective.

4. Further develop methods to evaluate biodiversiy.

References

‘Odum, H.T. 1983 1994 Systems Ecology, An Inroduction, Jon Wiy, Y. 2*
Ediion, Ecological and General Sysems, Colorado University Press

‘Odum, H.T, 199, Environmental Accounting, Emergy and environmental

SEPA

ecison-Making. John Wley, NY.

Nanragensets, Rbode sand




